Pathological concepts in acute coronary thrombosis: relevance to treatment William F M Fulton
Coronary thrombosis and myocardial infarction It is a little over a decade since the acute management of myocardial infarction underwent a revolution with direct intervention on the coronary occlusive lesion. This approach had validity only if the coronary occlusion caused infarction. The evidence generated by coronary angiography soon after the onset of pain, the frequent restoration of coronary blood flow by therapeutic thrombolysis, and the apparent benefit to the threatened myocardium soon dispelled any reasonable clinical doubt that thrombotic occlusion was the prime cause of myocardial infarction. It had not always been so. ' For more than half a century pathologists had been comfortable with the orthodox concept that coronary thrombosis was the cause of myocardial infarction. In the 1970's, however, some pathologists proposed the maverick concept that coronary thrombosis was inconstant and was a secondary consequence of infarction. 2 The validity of the orthodox concept was re-examined by several workers. A prevalence of thrombotic occlusion in regional myocardial infarction of some 90-97% was revealed.~3 Post-mortem evidence being of necessity retrospective, uncertainties about the time relation between occlusion and infarction persisted. In 1974 I started a prospective clinico-pathological necropsy study that used radiofibrinogen given in life as a marker of the timing of thrombus formation. A 100% incidence of acute coronary occlusion was confirmed in acute fatal myocardial infarction, all but one lesion being thrombotic. Also certain aspects of the study, in particular retrospective anatomical reconstruction of the underlying plaque and the demonstration of the different ages of thrombus, have contributed to the understanding of the clinical features of acute ischaemic syndromes.
A substantially lower incidence and even the absence of coronary thrombosis has usually been reported in diffuse subendocardial infarction.'568 It is important to distinguish this entity from regional infarction.9 Diffuse subendocardial damage occurs in the presence of widespread severe obstructive coronary disease. Critically severe ischaemia is equitably distributed by greatly enlarged anastomoses, which are particularly extensive in the subendocardial plexus.7-'0 The putative final insult is usually extracoronary-for example, tachycardia, hypoxia, or heart failure-but it can be a fresh thrombotic occlusion.
Prospective clinico-pathological trial [1974] [1975] [1976] [1977] [1978] [1979] 125I-labelled fibrinogen (100 yuCi) was administered intravenously soon after admission to the coronary care unit. In fatal cases, postmortem examination included stereoarteriography and serial mounting of 2 mm thick transverse sections of coronary arteries. 8 Autoradiography of the mounted sections identified the distribution of radiolabelled fibrin in thrombus formed after the introduction of the isotope label (fig 1) . The relative intensity of radioactivity was graded on a scale of 0-256. Thrombus already formed before the administration of labelled fibrinogen was of zero or very low activity. Stereoarteriograms and serial 2 mm thick transverse slices permitted reconstruction of the microanatomy of obstructive lesions.
The primary objective of this study was to define as far as possible the relation between coronary occlusion and acute myocardial infarction. This was achieved. Fifty seven cases of acute myocardial infarction were given radioactive fibrinogen soon after admission. At necropsy 56 had thrombotic occlusion and one had occlusion caused by atheromatous debris of the artery subtending the infarct. The opportunity was also taken to explore or re-affirm many relevant aspects of the microanatomy and morphogenesis of coronary occlusive lesions.
In 47 of the 56 cases a central portion of thrombus was radionegative: that is it had already formed before radiolabelled fibrinogen was given. Figure 2 Morphology of acute occlusive lesions It has long been accepted by pathologists that fatal occlusive thrombosis occurs at the site of severe atherosclerosis12 and that recent structural changes in the underlying plaque are usual. Figure 3 shows the spectrum of morphological types of thrombi found in the 56 cases. Most thrombotic occlusions are complete for only a short axial extent (2 mm or less in 19/56 and 2-5 mm in a further 18 lesions)."3 The subjacent stenosis is likewise often short. In a few lesions, stenosis, and/or occlusive thrombus may extend for several centimetres.
It is obvious that the prospect of recanalisation by thrombolysis is reduced where the stenosis is long and tortuous and the occlusive thrombus extensive. These features commonly remain undisclosed at pre-treatment clinical angiography; but the extent of the obstruction can be precisely outlined in postmortem injection studies by retrograde filling through anastomoses.
The central portion of the occlusive thrombus is typically pale, from a high content of platelet material and fibrin, and is relatively solid. Characteristically such thrombi were 
stasis, proximally and/or distally, in either event halting at the next major branch.8 Propagated thrombus is usually dark because of its content of red cells, but is not simply whole blood clot. Radiofibrinogen studies showed that it often contained five times as much fibrin as a blood clot. Presumably this reflected pulsatile blood movement in the blind segments of the artery; this would favour access of thrombolytic agents to the face of the thrombus. These studies also showed that propagation proceeded with little delay after primary occlusion-so that every hour, or even minute, could count. Commonly, propagated thrombus only partially occluded the lumen.
Plaques underlying thrombus tend not only to be large but also to differ in some respects from the generality of lesions. Typically, extensive lipid pools are separated from the lumen by a fibrous cap that is thin at least in part.
Proximate causes of thrombosis Frequently, but not invariably, plaques subjacent to thrombus are the seat of recent disruptive change (fig 4) . This observation is not new. The terminology used, however, has been diverse and includes rents, tears, fissures, rupture, haemorrhage, dissecting haemorrhage, haemorrhagic dissection, dissection, plaque disruption, intimal erosion, and ulceration.6 81417 Clearly these changes must usually be antecedent to overlying thrombus and, when present, are generally accepted as its precipitant. Similar changes may be found in other plaques without overlying luminal thrombosis.68t8 I favour the terms "fissure" for the initial break in the luminal lining and "dissection" (or haemorrhagic dissection) where blood infiltrates the structure of the plaque. These terms describe what actually occurs and reflect somewhat different geneses. Others use "fissure". to encompass both processes. The highest incidences of confirmed fissures related to thrombosis were reported from studies using serial micro-sectioning the full length of the lesion. The results suggest that plaque disruption underlies 70-100% of occlusive thrombi.14 1617 Fissuring typically occurs at points of weakness where the fibrous cap is thin and friable. A fissure may be extensive or minute.'6 It may lie in the transverse or long axis or obliquely. Elevation of a distal flap may be obstructive.5 16 Contact with the subendothelial material of the plaque promotes platelet deposition and thrombus formation. This process may merely plug the fissure.
Intimal dissection results when blood forces entry through the fissure into the substance of the plaque. The course taken is governed by the plaque structure:
(a) In relatively fibrous lesions, dissection follows planes of cleavage in the crescentically layered formation of the plaque.82'
Commonly it works its way towards the outer layers in a short spiral or helical fashion, and may spread proximally and/or distally for several millimetres.
(b) In lesions largely composed of soft amorphous material rich in lipid, dissection can take on an "explosive" character. A mass of blood spreads widely and disruptively, mixing with atheromatous contents, some of which may be extruded into the lumen. Large volume dissections have been described as haematomata. Such lesions may encroach on the lumen'9 20 possibly enough to produce ischaemic symptoms, but complete occlusion from this mechanism alone must be rare.
The fissure tends to occur near the point where stenosis is most severe. Thus in a sample of 43 thrombotic occlusions in which the underlying fissure/dissection could be traced to the lumen, 27 It must be emphasised that blood entering the plaque in fissuring and dissection invariably does so from the lumen and the natural process is wholly confined within the original intimal wall, as bounded by the internal elastic lamina. Dissection provoked by catheterisation and angioplasty is another matter.
Intimal haemorrhage
The term "intimal haemorrhage" is a source of clinical misconception and misgiving, in the context of anticoagulant therapy or thrombolysis. It has been widely used in the past when the preferred description would now be intimal fissuring and dissection. There are good grounds for drawing the distinction:
Haemorrhage implies extravasation of whole blood rich in red cells. The bloodderived material in fissuring and dissection is rich in platelets and fibrin. It is in fact intraintimal thrombus,20 not clot. Intraintimal thrombus changes only slowly and, as with unlysed thrombus in the lumen, its fate is to be converted into atherosclerotic material by accumulation of collagen, amorphous substance, and lipid.2' It forms thereby a basis for further growth in plaque size and stenosis.
To account for intraintimal thrombus it is necessary to postulate that blood pulses in and out of the fissure/dissection. (see fig 4) .8 17 24 So it can be postulated that their occurrence over the span of years contributes a component of intraintimal thrombus to atherogeneSi82021 Thrombosis in the lumen is not an inevitable consequence of fissuring nor is fissuring a prerequisite for thrombosis. But where fissuring/dissection is subjacent to thrombus, as in most instances, it makes sense to accept that the fissuring has led to thrombosis.
Episodic evolution of occlusive thrombus In evolving myocardial infarction the abrupt onset of ischaemic symptoms signals the advent of severe coronary obstruction but not necessarily the moment of complete occlusion. Indeed, layering of thrombus bears witness to its episodic growth"3 25 
